Variability in protein consumption may influence muscle mass changes induced by resistance exercise training (RET). We sought to administer a post-exercise protein supplement and determine if daily protein intake variability affected variability in muscle mass gains. Men (N = 22) and women (N = 30) ranging in age from 60 to 69 y participated in a 12-wk RET program. At each RET session, participants consumed a post-exercise drink (0.4 g/kg lean mass protein). RET resulted in significant increases in lean mass (1.1 ±1.5 kg), similar between sexes (P > 0.05). Variability in mean daily protein intake was not associated with change in lean mass (r < 0.10, P > 0.05). The group with the highest protein intake (1.35 g · kg
RET favorably alters this response (36) by inducing an anabolic reaction that seems to last up to 24 h (28) . Supplementation that accompanies RET can influence aminoacidemia and nutrient delivery to muscle fibers (27) . Higher levels of amino acids in the blood being delivered to muscle cells may be a rate-limiting step in the anabolic response to RET (35, 36) .
Muscle hypertrophy and strength improvement can occur in the elderly population with RET, independent of optimal nutritional intake (2), but to a lesser degree than younger subjects (12) . Conflicting results have been demonstrated when assessing the optimal daily protein intake in the elderly (4, 5, 7, 8, 14, 37, 38, 40) while less information is available in the context of RET. Establishing the optimal amount of protein intake may play a key role in the prevention of sarcopenia.
It is clear that post-exercise protein supplementation has a benefit to increase skeletal muscle anabolism. It is not clear, however, whether variability in habitual protein intake in addition to supplementation over a 12-wk RET period will also influence muscle hypertrophy. The purpose of this study was to examine whether variability of protein intake from food was associated to variability in lean mass gains with resistance training in the context of 0.4 g/kg lean mass post-exercise protein supplementation in men and women age 60 to 69 y. We proposed that consuming 0.4 g of protein per kilogram of lean body mass immediately after a workout would reduce the effect of habitual intake of protein from food in the range of 0.6 to 1.5 g · kg -1 · d -1 on muscle mass gains with RET. At least 80% power was needed to detect a 0.5 kg difference in change in lean mass for every 0.2 g/kg protein intake difference (alpha set at 0.05). Alternatively, there was greater than 80% power to detect less than a 0.25 kg change in lean mass with 0.6 g/kg protein intake difference (difference between low and high group in Figure 1 ). Although increasing sample size may have clarified the marginal associations, the size of the effect is small. 
Methods

Subjects
Recruitment took place initially by way of advertisements, flyers, and mailings to local community and senior centers. Participants were eligible for the study if they were between the ages of 60 and 69 y. After recruitment, an initial health assessment was completed by a nurse practitioner to determine eligibility for the study. Exclusions were made for abnormal electrocardiograms, uncontrolled hypertension, known heart disease, and uncontrolled diabetes. Also excluded were those individuals who engaged in 1 h or more of RET per week as determined by an activity questionnaire (19, 21) . Participants were instructed not to perform RET outside of the program and to maintain all other non-RET activities at the same level. Fifty-two (one dropout, N = 51 in analysis) 60 to 69 y olds participated in this study (22 men, 30 women) . After all procedures were explained, the participants gave written informed consent. The Kent State University Institutional Review Board approved this study.
Assessments, Orientations, and Resistance Exercise Training
Following the physical examination by the nurse practitioner, a dual energy X-ray absorptiometry (DEXA) scan (Hologic 4500 QDR; Bedford, MA) was performed to acquire baseline body composition. After participants were screened and accepted into the study, 2 wk (six meetings) of orientation sessions were conducted (1:15/session) to instruct the proper techniques of the training program. Subjects performed all exercises during the orientation at a reduced load (estimated 40 to 50% 1-repetition maximum) to induce neuromuscular adaptations to standardize subsequent strength testing. Upon completion of the orientation sessions, the baseline performance assessments were conducted. One repetition maximum (1RM), defined as the highest resistance at which one repetition can be successfully completed (29) , testing was performed on each machine used for training. This was conducted following a standardized warm-up protocol, which consisted of 10 min on Schwinn Aerodyne cycle ergometers (Schwinn Fitness, Inc., Denver, CO), along with a 5-min dynamic full body stretching routine. After the collection of these baseline measures, the 12 wk of RET were performed on non-consecutive days (excluding weekends) using Cybex RET equipment (Cybex, Cybex International, Inc., Medway, MA) in the Kent State Exercise Physiology labs. Exercise was supervised at all times by research assistants. The exercises performed consisted of leg press, knee extension, seated leg curl, chest press, lat pulldown, tricep extension, bicep curl, and calf raise. Following the standard warm-up, three sets of 8 to 12 repetitions were performed on each exercise using a weight that was 75% of the subjects predetermined 1RM. Participants were instructed to do as many repetitions as possible on every set until muscle failure or until 12 repetitions were achieved. Subjects were given 60 s of rest between each set and 2 min of rest between exercises. Resistance settings were increased when participants were able to complete 12 repetitions on a particular set (checked by staff). This was to maintain the relative difficulty at the same level for all participants throughout the study.
Nutrition Instruction, Supplementation, and Assessment
During each of the six orientation sessions, 30 min consisted of nutrition seminars educating subjects on the fundamentals of proper nutrition, supplementation, and proper food log documentation. The nutrition education was based on standard recommendations by the National Academy of Sciences with the modification of protein intake to 1.0 g · kg
, excluding the Boost HP supplementation (9) . This modification is consistent with some evidence that protein intake requirements are elevated with age (5). Feedback on the food logs throughout the study was provided. Informational handouts on healthy food selections and behavior modification were administered during the seminars. The nutrition education sessions were also used to explain the reasoning behind use of Boost HP (Novartis and Mead Johnson Nutritionals; 240 kcals, 15 g protein, 33 g CHO, 6 g fat, per 8 oz.) and guide the proper use of food logs. Boost HP was given immediately post exercise in the amount of 0.4 g of protein/kg of lean mass. Three subjects did not tolerate the Boost HP supplement, and were provided alternatives with equivalent protein and calories (AdvantEdge Protein Drink, Energy, Athletics, Strength; Golden, CO). Examples of foods and food logs were provided, along with in-depth instruction and guidance on accuracy of measurement. Food logs were kept three times per week on non-consecutive days (Sunday, Tuesday, Thursday), thus, the Boost HP that was consumed on training days (Monday, Wednesday, Friday) was not included in the dietary analysis. With 0.4 g/kg of protein being consumed in the post-workout period (and not being included in the dietary intake analysis) it is important to address that the protein supplement only amounted to an additional 0.1 g · kg ).
Data Computation and Statistical Analysis
Food log analysis was conducted using Nutribase V Clinical (CyberSoft, Inc., Phoenix, AZ). Entry of over 1800 food logs was performed by three trained individuals to minimize internal error. There was no criterion used for food record validity. Average macronutrient and micronutrient intakes for 36 food logs per person were transferred to SPSS software for statistical analyses. SPSS software (version 10.1; SPSS, Inc., Chicago, IL) was used to determine whether protein intake influenced change in lean mass with RET. Pearson correlations between change in lean mass and dietary protein or branched chain amino acid intake in grams, grams per kilogram of total body mass, and grams per kilogram of lean mass were calculated. Groups of protein intake (0.6 to 0.8, 0.8 to 1.0, 1.0 to 1.2, and 1.2 to 1.5 g · kg -1 · d -1 total body weight) were analyzed for differences in change in lean mass using one-way analysis of variance. A regression analysis was performed to determine the independent association of protein intake to lean mass changes.
Results
Baseline characteristics of the 51 participants are given in Table 1 . RET resulted in significant increases in lean mass (1.1 ± 1.5 kg) that were not different (P > 0.05) between men (+1.2 ± 1.7 kg) and women (+1.0 ± 1.4 kg). Considering these similarities, data were pooled for subsequent analyses. A key objective of the study was to provide adequate protein via post-exercise supplementation and daily protein goal of 1.0 g · kg
. This was apparently successful as the 12-wk mean consumption of protein per kilogram of body weight was not significantly associated to change in lean mass (r < 0.10, P > 0.05). A secondary objective of the study was to reach macronutrient ratios similar to the Dietary Reference Intakes; this was nearly achieved with the mean intake of all macronutrients being within 3.5% (Table 2) . Table 3 shows no significant associations between gain in lean mass and total protein intake. Table 3 also indicates that branched chain amino acid (BCAA) intake is not significantly associated to change in total whole body lean mass (r < 0.23, P > 0.05) even after adjusting BCAA intake to body weight. Energy intake is included in Table 3 and has no significant association to gain in lean mass. The protein intake over the 12-wk training period, broken down into four groups is shown in Figure 1 . As protein intake increases, there is no additional increase in lean body mass. Protein intake per kilogram of lean mass was not significantly correlated to change in strength (Table 4) . Splitting analyses by sex did not alter any associations. In subjects that did not receive Boost HP supplement (N = 3, due to intolerance) there was no difference in muscle gain, and excluding these three subjects from the analysis did not alter the associations or conclusions. 
Discussion
Our data show that consuming protein in excess of 0.8 g · kg -1 · d -1 of total body weight was not associated with further muscle hypertrophy or strength in men and women age 60 to 69 in the context of consuming 0.4 g/kg lean mass of protein immediately after RET. Our data also suggest that variability in BCAA intake was not associated with variability in skeletal muscle hypertrophy.
Campbell et al. (6) demonstrated that an alteration in protein intake influences the relative uptake and efficiency of nitrogen (N) utilization in older people throughout 12 wk of RET. This suggests that muscle hypertrophy patterns are directly related to nutrient intake and dietary control (40) . Campbell et al. (6) also reported decreases in fat-free mass and increases in fat mass in older individuals who consumed the Recommended Dietary Allowance (RDA) for protein throughout 14 wk while consuming adequate energy. These authors suggest that the RDA for protein may be marginally inadequate for lean muscle deposition (6) . In a similar study, Meredith et al. (24) reported additional energy provided in a supplement resulted in greater hypertrophy. This finding indicates that total energy may also influence lean tissue accretion (24) . The participants in the present study had an increase in fat-free mass and a decrease in fat mass. The difference may be because the mean intake of protein was 1.0 g · kg -1 · d -1 total body weight in the current study, which is 0.2 g · kg -1 · d -1 higher than the recommended RDA and total energy appeared to be similar between differing levels of protein consumption. Also, unlike participants in these previous studies, the participants in the current study were consuming 0.4 g/kg lean mass of protein immediately after RET, which may be a factor for eliciting muscle hypertrophy with RET in the elderly.
While much data have shown that the RDA for protein may not be adequate for muscle mass maintenance in the elderly (4, 5, 14, 37, 38) , other research has indicated that the 0.8 g · kg -1 · d -1 recommendation is sufficient based on nitrogen balance (7, 8) . However, these studies were conducted in a sedentary population and physical stress, such as RET, may alter this need. RET induces amino acid mobilization from the body's free amino acid pool during recovery from an acute bout of resistance training, emphasizing the role of amino acids and their use during an increased anabolic period (3) . A study by Pitkanen et al. (28) had subjects engage in 21 total sets of leg exercises; the results showed the exercise group having a 21% increase of muscle protein synthesis and a muscle protein breakdown of 17%. These were both recorded at 195 min post exercise. The increase in protein breakdown possibly occurred in order to provide amino acids in the fasting conditions for muscle protein synthesis. Biolo et al. (3) has examined untrained men 3 h after a heavy resistance exercise session and found an increase of 100% in muscle protein synthesis and a 50% increase in muscle protein degradation (3) . These data support the need for a nutritional intervention after a RET session.
Previous studies have suggested increased protein needs when engaging in RET. While most of these studies have been conducted in young, male subjects, during intense training, the possibility exists that older men and women may benefit from increasing protein intake as well. Current researchers suggest the protein need of novice male bodybuilders is approximately 1.2 to 1.7 g · kg -1 · d -1 (23, 33, 34) . In the case of the present study, variation in protein intake from 0.6 to 1.5 g · kg
was not associated to variability in lean mass gain with the major difference being the administration of 0.4 g/kg lean mass protein immediately after RET. Other studies suggest that elevating muscle protein synthesis may be accomplished through the use of a post-exercise supplement. A key factor that can influence the amino acid delivery and transport during the post-exercise period is availability. Blood flow to the skeletal muscle after RET is greatly increased and may enhance the delivery of amino acids to myocytes increasing the rate of protein synthesis.
Esmarck et al. (10) , in a similar design to the present study, discovered that protein supplementation immediately following exercise was vital for the development of skeletal muscle. Subjects who consumed 10 g of protein immediately after exercise increased lean mass 1.8% whereas those who waited 2 h lost 1.5% of their lean mass. However, only 4 d of food records at the beginning and conclusion of the Esmarck (10) study were collected. With such a limited time frame for dietary data collection, this only provides a weak indication of habitual daily protein intake. Roy et al. (31) found that the provision of a post-exercise supplement containing protein resulted in a better maintenance of fat-free mass and a more positive nitrogen balance as compared to the same amount of protein provided in the morning (31) . This provides further evidence for the timing of protein delivery in the post-exercise period. Consuming protein in the post-exercise period may be a way to minimize overall protein intake and conserve fat-free mass during periods of either increased energy expenditure or marginal protein intake.
An important consideration in the present study is that this population was previously untrained (no more than 3 h of exercise per week), and the volume of the RET program over the 12 wk study period was only moderate. Other studies have shown a greater need for protein in strength trained individuals, and this may be due to the higher overall training volume and greater protein utilization. Another important consideration is that although 36 food logs were completed by every subject with detailed training on their use, this type of data is known to be flawed in some individuals. To confirm the present results, a randomized double-blind study would be necessary.
In the context of post-RET supplementation, the present study conflicts with previous studies that would suggest an individual should increase total daily protein intake above the RDA when engaged in a moderately intense resistance training program. If our results are confirmed, consuming 0.4 g/kg of protein after a RET session may assist in the prevention of sarcopenia, allow individuals to reduce overall daily energy load from protein, and reduce the total daily protein load for those who may need to restrict intake. Many elderly participants may be concerned about caloric load, or may have conditions that require dietary restrictions. This study adds additional support for the importance of post-exercise nutrient supplementation and is the first to suggest that total protein needs may not be elevated with training.
